Background
Methods
Four cross-sectional anonymous bio-behavioural surveys of almost 4000 PWID attending services providing injecting equipment across GGC between 2011 and 2018 were analysed. Participants were recruited by trained independent interviewers and eligible if they had a history of injecting drug use, either current (within the past six months) or historical. Interviewers asked participants questions about demographics, behaviours and service use and to give a dried blood spot sample to test anonymously for the presence of blood-borne viruses. Trends in prevalence of HIV infection, risk behaviours, and intervention coverage were examined. Logistic regression was used to determine individual and environmental factors associated with HIV infection.
Findings
Between 2011-12 and 2017-18, HIV prevalence in GGC rose from 0·1% (1/927) to 4·8% (39/821) overall, and from 1·1% (1/87) to 10·8% (25/231) in Glasgow city centre, respectively. Over the same period, the prevalence of cocaine injecting in GGC rose from 16% (129/806) to 50% (291/583) overall, and from 37% (26/70) to 77% (117/153) in Glasgow city centre. HIV infection was more likely among PWID who had: participated in 2015-18 versus earlier survey years (AOR 3.4, 95% CI: 1·7 to 6·7); been homeless in the past six months versus not homeless in the past six months (AOR 3·0, 95% CI: 1·7 to 5·0); multiple incarcerations since first began injecting versus low number of incarcerations (AOR 2·1, 95% CI: 1·2 to 3·7); and injected cocaine within the past six months versus not injected cocaine in the past six months (AOR 6·7, 95% CI: 3·8 to 12·1). Age per one-year of increase was also a significant factor (AOR 1·1, 95% CI: 1·0 to 1·1). Gender showed borderline significance with females more likely to be HIV positive than males (AOR 1·7, 95% CI: 0·9 to 3·2).
Interpretation
Despite high coverage of harm reduction interventions, Glasgow has experienced a rapid rise in prevalence of HIV among its PWID population, associated with homelessness, incarceration and a major shift to injection of cocaine. Robust surveillance through regular HIV testing of high risk populations is critical to ensure outbreaks are detected and rapid responses are informed by the best available evidence.
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Introduction

20
People who inject drugs (PWID) are at risk of Human Immunodeficiency Virus (HIV) transmission primarily 21 through sharing of injecting equipment, 1 but also through unprotected sex. 2 
74
Unadjusted and adjusted logistic regression was used to identify risk factors associated with HIV.
75
We assessed outcomes according to relevant 'individual' and 'environmental' risk factors for HIV using the 76 work of Jolly and colleagues as a guiding definitional framework. 15 
91
All analysis was conducted using SPSS v21.
Role of the funding source
93
The funding source did not have any role in study design, data collection, analysis, or interpretation, in the 94 writing of the report, or in the decision to submit this work for publication. The corresponding author had full 95 access to all the data in the study and had final responsibility for the decision to submit for publication.
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Results
97
In the overall GGC sample, HIV prevalence rose from 0·1% (95% CI: 0·0-0·6) in 2011-12 to 4·8% (95% CI: 3·4-98 6·2) in 2017-18 ( Figure 1 ). This was mainly driven by increases in Glasgow City where HIV prevalence rose from 99 1·1% (95% CI: 0·2-6·2) in 2011-12 to 10·8% (95% CI: 7·4-15·5) in 2017-18 (Table 1 ).
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INSERT FIGURE 1
101
For those testing HIV negative on DBS between 2011 and 2018, the average age of participants in the surveys 102 significantly increased (Table 1 
114
INSERT Cocaine injection is a well established risk factor for HIV infection. 18 The increasing trend toward cocaine 177 injecting (50% in 2017-18) and its highly significant association with HIV infection among PWID in Glasgow is 178 similar to recent shifts toward stimulant injecting observed among PWID elsewhere. 4 Stimulants have a short 179 half-life which is known to increase injecting frequency, 19 and therefore BBV transmission risk, through 180 reduced likelihood of using clean equipment at each injection. 20 This risk is compounded if there is a lack of 181 effective prevention infrastructure, such was the case in Athens 6 and Indiana. 17 Glasgow, however, has 182 widespread availability of free-to-access harm reduction services, including NSP and OAT. At the onset of the 183 outbreak, the GGC region was distributing in excess of one million needles and syringes per year; 21 15 Lack of association may also be due to the time frame we used for 196 unprotected sex (last six months) and our lack of information on exactly when HIV infection was transmitted.
197
The high proportion of females in our HIV positive sample (25%) mirrors findings from outbreaks in Dublin 5 and
198
Luxembourg, 4 and their elevated risk of HIV infection in our model reinforces the need to acknowledge the 199 potential risk of sexual transmission in the Glasgow outbreak and to tailor prevention strategies accordingly.
200
In our study, cocaine injecting remained a highly significant predictor of HIV even after controlling for injecting 
211
The strong link between homelessness and HIV infection provides additional evidence of the poor health 212 outcomes and inequalities experienced by this population. 25 Socioeconomic issues were also common across 213 the other recent outbreaks of HIV among PWID, with homeless populations disproportionately affected in the 214 majority of incidents. 4 High prevalence of cocaine use among homeless populations has been documented 215 previously. 26 The majority of these studies link homelessness with crack cocaine injecting, yet in Glasgow it is 216 powder cocaine which has become endemic among homeless drug injectors.
217
Increases in homelessness in the UK have been observed since 2009. 27 In Glasgow, this has occurred alongside 218 an ageing cohort of PWID with significant co-morbidities and experience of exclusion. It is estimated that there 219 are up to 500 individuals regularly injecting in public places in Glasgow city centre, many of whom are 220 homeless. 28 A needs assessment has highlighted the barriers to risk reduction behaviours in this population 221 without addressing the existing social and addiction needs. 28 The high prevalence of hepatitis C (>90%) 222 amongst the HIV infected group also suggests that sharing of injecting equipment, either directly or indirectly,
223
is extensive. Awareness of HIV risk among PWID may also have been sub-optimal compared to previous 224 generations given the low prevalence which has existed since the 1980s. An increase in cocaine injecting and 225 declining heroin purity alongside this is likely to be contributing to risk taking. Combined, these multiple 226 factors create a high risk environment for drug-related harm in Glasgow, 29 including rapid HIV transmission.
227
As the first formal epidemiological investigation into Glasgow's rapid HIV rise among PWID, this study has 228 important implications for policy and practice. Primarily it will be of interest to policymakers focussed on 229 reducing harms associated with drug use and achieving realistic public health goals such as HIV elimination. 30 
230
An outbreak of HIV among PWID such as the one which has occurred in Glasgow threatens both these targets.
231
Although our results are not directly generalisable, they should serve as a warning to countries with historically 232 low HIV prevalence among PWID that things can change rapidly even with harm reduction services in place.
233
Our findings also reinforce the importance of ongoing bio-behavioural surveillance initiatives among high risk 
245
There are challenges, however, in the implementation of the more innovative elements of this response.
246
Maintaining the extended injecting equipment provision services (i.e. services which provide needles, syringes, 
252
This study also has a number of limitations which we acknowledge. Firstly, we were unable to determine when 253 the participants in our sample acquired their HIV infection, therefore it is possible that risk factor data 254 collected at the time they were surveyed had changed since they became infected. Missing, n (%) 
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